THERMODYNAMICS OF THE URANIUM-OXYGEN SYSTI4
The vapor above uranium oxide condensed phases includes U, 110, "021
and U03* The composition of the vapor is strongly dependent upon the L0 ratio. In the three phase system U(L)/U0 2 (s) and vapor (O/U < 1.7) the principal vapor phlast species is UO with smaller amounts of U and to 2 vapors. For UO 2 a congruent evaporation seems to predominate giving mostly U02 with about equimolar but much smaller quantities of 11 and U03 .
For hyperstoichiometric urania (0/U > 2) U0 3 and UD 2 are the principal vapor phase species.
Uranium (s)
The vapor pressure of uranium has been studied over a wide temp- These authors also summarize all the previous work on these systems by their laboratories and others. It is perhaps most significant that the vapor pressures that one will observe in these systems are a strong function of the container material or the dissolved components.
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The partial pressures of the species are determined by mass spectroscopic measurements, while the total pressures hatre been measured by both effusion and transpiration techniques. The total mass spectroscopic instrument sensitivity to a particular gas phase species has to be known in order to compute the partial pressues The pressure of uranium species above of U(L),)02(s) is given by log P = (7.25 ± 0.15) -(27.020 ±v 25)/'T (for 1580-2400*K)
Pattoret et a! (3) report a pressure of UO given by log P = 8.19 -28,020/T in the temperature interval of 1700 -2150*K.
There is considerable evidence that the system UO2(s)/U(i) is far from ideal. Therefore the activities of the condensed phases cannot be assumed to be unity, for the process
Consequently the measurement of thermal functions for this system has to be done using gas phase equilibria where activity coefficients can be assumed to be unity. Ackermann et al (3) measured the gas phase equilibria
and from the known free energy functions of U0 2 (g) (this will be 4is.ussed later) and U W and the measured equilibrium constant as a function of temperature.
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where, log K = (1.268 ± 0.05) + (2091 ± 117)/T Z; U(g). As will be seen later in this report an uncertainty in the entropy of formation, .S 1O2 is not U2(g) unlikely. This error would contribute an uncertainty of 1.5 e.u. to the /1Sf UO(g). 
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(It should of course be noted that a correction for A and MRfUO to 0 K has not been made, however these corrections shoild go in the same direc.ion and teal to cancel each other). Pattcxet et al (5) determined a D f,-r UO(g) from the isomolecular exchange reaction 
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The vapor pressure above stoichiometric UO 2 has been measured by several workers (6-10) using both mass transpiraton and effusion techniques. The congruently evaporating compositions of urania have also been systematically measured as a function of temperature by analysis of the residues after appreciable Knudsen effusion loss. These residu s become increasingly h)postoichiometric with temperature varying from IC 2 .000 to U01.940 in the 1940 -2386 K temperature interval (9).
It has also been suggested that a significant partial pressure of UO and U03 is present even at lower temperatures, UO3 becoming predominant to the U0 as the temperacure increases (9).
The results of some of the mere recent experiments are given below. The vapor pressure of the uranium bearing species is represented by the equation determined by the congruent vaporization of scoichiometric urania. 
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The thermodynamic functions for VO and UO 2 (g) are given in Tables   1 and 2 . These computations are done assuming singlet ground states for both species and no allowance is made for any possible contribution to these functions from any excited electronic states. This was done in this manner since there are no experimental determinations for the electronically excited levels of UO and UO 2 . 
THEEMODYNAMICS OF THE THORIUM-OXYO 3M SYSTU4
The thorium-oxygen system has been studied by mass spectroscopic technilues by several workers (1-5) .
A smmnary and review of scme of the older works not referenced in this report are also available (6).
The method used in studying these systems is to measure the vapor pressure of the thorium species effusing fro a Knudsen cell by weigbt The assumptions are mae that the mass spectrometcic peak intensities of the ThO+(g) and Tho 2 +(g) ions can be related to pressures and vaporization of reaction (2) is congruent. Thermodynamic functions of ThO(g) and
ThO 2 (g) can be obtained from a knowledge of tXf(T) of Th0 2 (s). (This assumes that a Tho2(s ) = I).
For a study of either the three phase system Tho 2 (s)fTh(2') or the Using the entropy for Th(,s) derived from the calorimetAc data In any event this difference (4 to 5 eu) between the calculated entropy and the thermodynamically derived entropy is not easily explainable.
To reduce the calculated entropy by 4 would require a change of the bending frequency to a very high value, hence the derived entropy probably is too low by at least 2 entropy units, or more likely 3
units.
A discrepancy of about 12 kcal/mole exists between the determination of the % ThO 2 (g) using the second and third law methods. There is no apparent problem in any of the experiments used to generate the vapor pressure, heat capacity of the solid phase, and spectroscopic data used for these determinations. /T'-C) 
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